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(54) Abstract Title 

Multi-colour ink jet printer having rows of fixed printheads extending transversely of a substrate feed path 



(57) The printer includes an array of fixed printheads 12 arranged In rows which extend transversely of a 
substrate feed path A. The rows are spaced apart from one another in the direction of the feed path. The 
printer includes a sensor 20 in the form of a friction wheel driven digital decoder 21 which detects the 
movement of a substrate S along the feed path and produces a signal to fire the printheads each time the 
substrate moves a predetermined distance. The printheads are supported by cross beams 13 which are 
secured to support beams 23 which are in turn attached to the lower end of hydraulic rams 24. The rams may 
be operated to raise or lower the beams 13.23 so as to move the printheads perpendicularly towards or away 
from the feed path according to the thickness of the substrate or the detection of a tear In the substrate. The 
printer may be used in combination with a corrugating machine or a die cutting machine. 
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AN INK JRT PRTNTFR . , 

This invention relates to an ink jet printer and more particularly, but not 
necessarily exclusively, to a multi-colour ink jet printer and/or to a wide format ink 
jet printer which can print items such as corrugated cardboard, wallpaper and textiles. 

According to the present invention,^ere is provided an ink jet printer 
comprising a path along which a substrate to be printed can pass, an array of fixed 
ink jet heads each having a plurality of nozzles, the array comprising a plurality of 
rows of Inkjet heads, each row extending transversely of the path and the rows being 
spaced apart from one another in the direction of the path, and means for firing the 
ink jet heads in response to movement of the substrate. 

All previously wide format ink jet printers have moving heads as opposed 
to fixed heads. The present design allows for any size of construction within the 
constraints of current software and enables the speed of printing to be increased 
dramatically. 

Preferably, sensing means are provided for sensing the movement of the 
substrate along the path and for producing a signal to fire the ink jet heads, each time 
the substrate moves a predetermined distance. This has the advantage that the speed 
of the substrate can vary without affecting the resolution of print quality. It also 
allows the substrate to be mechanically fed or hand fed to the printer. 



Advantageously, each Inkjet head has its own electronic control board with 
dedicated memory for storing data for operating the nozzles of the head. 



In this case, the printer, preferably, further comprises a plurality of 
distribution boards, each of which supplies information from a central processing unit 
to a group of head control boards. 

Advantageously, the ink jet heads are arranged in a plurality of pairs of 
rows and each head has a heat sink attached thereto, the heat sinks of the two rows 
of heads of each pair of rows being arranged back to back and in contact with a 
common heat conductor. This minimises the space occupied by the ink jet heads. 

Preferably, the ink jet printer further comprises means for moving the ink 
jet heads away from the said path in a direction perpendicular or substantially 
perpendicular thereto. In this case, the ink jet printer may further comprise means 
for detecting a tear in the substrate and for operating the moving means when a tear 
is detected to avoid damage to the ink jet heads. Additionally or alternatively, the ink 
jet printer may further comprise means for sensing the thickness of the substrate and 
for operating the moving means to adjust the poshion of the ink jet heads according 
to the thickness of the substrate. 

Preferably, the said path of movement of the substrate is horizontal or 
substantially horizontal and the ink jet heads are arranged above the said path. 
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The ink jet printer may be provided in combination with a corrugating 
machine and/or a die cutting machine and may include means for synchronising the 
speed at which the substrate is fed or drawn through the ink jet printer with the speed 
at which the corrugating machine and/or the die cutting machine operates. 

The invention will now be more particularly described with reference to the 
accompanying drawings, in which:- 

Figure 1 is a side view of one emb<xiiment of an ink jet printer according 
10 to the present invention, 

Figure 2 is a fragmentary perspective view from above showing the 
arrangement of the ink jet heads, 



15 Figure 3 is a fragmentary perspective view from below showing the ink jet 

heads and control circuitry therefore in more detail, and 

Figure 4 is a schematic plan view of the ink jet heads. 
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Referring firstly to Figure? 1 to 3 of the drawings, the printer shown 
therein is a multi-colour printer which typically has a printing image width of 1.3 
metres and a printing image length of about 2 metres and which can be used for 
printing on any large substrate, typically plastics material, cardboard, wooden panels, 
textiles or paper rolls. The printer could however be made larger for printing, for 



example, on carpet or much smaller for printing, for example, sheets of A3 paper. 

The printer has a frame work structure 10 which supports a bed 1 1 defining 
a path A along which a substrate S to be printed can pass. The ink jet printer also 
comprises an array of fixed ink jet heads 12 each having a plurality of nozzles and 
typically 128 nozzles. The array comprises a plurality of rows of ink jet heads 12, 
each row extending transversely of the path A and the rows being spaced apart from 
one another in the direction of the path A, with a plurality of ink jet heads 12 in each 
row. 

The ink jet heads 12 are supported by cross beams 13 extending 
transversely of the path. Each head 12 has a heat sink 14 attached thereto and the 
heat sinks 14 are secured to a respective cross beam 13 which serves as a heat 
conductor. As best shown in Figure 3, the ink jet heads 12 are arranged in pairs of 
rows, the heat sinks 14 of the two rows of heads 12 of each pair of rows being 
arranged back to back and in contact with a common cross beam 13. 

Each ink jet head 12 has its own electronic control board 15 with dedicated 
random access memory for storing data for operating the nozzles of the head. Each 
control board 15 has its own address. This means that it is possible to pre-load any 
control board with any information at any time and, therefore, a particular image to 
be printed by each head can be stored by the dedicated memory of that head until no 
longer needed thereby significantly reducing the amount of data which has to be 
handled in order to operate all of the heads. 



In order to accept the back to back positioning of the heads" 12, the printer 
is programmed to read the information in the reversed heads 12 (i.e. those heads on. 
the downstream side of each beam 13) in the opposite direction. Therefore, for every 
line of code on a reversed head 12 me information is read backwards horizontally but 
still read forwards in the same vertical direction on the memory plane. 

The ink jet printer further comprises a plurality of distribution boards 16, 
each of which supplies information from a central processing unit (not shown) to a 
group of head control boards 15. As shown in Figure 2, each distribution board 16 
is associated with six head control boards 15. 

As shown in Figure 3, the ink is supplied to the heads 12 through pipes 17 
which run through the beams 13. The heads are connected to respective control 
boards 15 by respective printhead connectors 18 and the control boards 15 are 
connected to respective distribution boards 16 by printhead driver connectors 19. 

As shown in Figure 2, the ink jet printer includes a sensor 20 for sensing 
the movement of the substrate S along the path A and for producing a signal to fire 
the ink jet heads 12 each time the substrate S moves a predetermined distance. The 
sensor 20 is in the form of a digital decoder 21 driven by a friction wheel 22. 

Also as shown in Figure 2. the cross beams 13 are secured to longitudinal 
support beams 23 and these are attached to the lower ends of hydraulic rams 24 
supported from the top of the framework structure 10. The rams 24 can be operated 



in order to raise or lower the beams 13 and 23 so as to move the ink jet heads 12 
towards or away from the path in a direction perpendicular or substantially, 
perpendicular thereto. 

The ink jet printer may also include one or more sensors (not shown) for 
detecting a tear in the substrate S and for operating the rams 24 to raise the ink jet 
heads 12 when a tear is detected. * 

The ink jet printer may also comprise one or more sensors (not shown) for 
sensing the thickness of the substrate S and for operating the rams 24 to adjust the 
position of the ink jet heads 12 according to the thickness of the substrate. 

The printer is designed to operate with four different coloured inks, 
although it could be designed to operate with more or less coloured inks. As shown 
in Figure 4, there are twelve rows of ink jet heads 12, three rows being dedicated to 
each colour. The ink jet heads 12 of each row are spaced apart from one another and 
the ink jet heads 12 of adjacent rows are staggered with respect to one another so that 
each group of three rows covers the full width of the printer. 



Each time a pulse is received from the digital decoder 21, the heads 12 
produce one line of print. The only limiting factor, therefore, on the speed at which 
the substrate S can be drawn through the printer is the speed of firing the heads 12. 



CLAIMS 

1. An ink jet printer comprising a path along which a substrate to be printed 
can pass, an array of fixed ink jet heads each having a plurality of nozzles, the array 
comprising a plurality of rows of ink jet heads, each row extending transversely of 
the path and the rows being spaced apart from one another in the direction of the 
path, and means for firing the ink jet heads in response to movement of the substrate. 

2. An ink jet printer as claimed in claim 1, wherein sensing means are 
provided for sensing the movement of the substrate along the path and for producing 
a signal to fire the ink jet heads each time the substrate moves a predetermined 
distance. 

3. An ink jet printer as claimed in claim 1 or claim 2, wherein each ink jet 
head has its own electronic control board with dedicated memory for storing data for 
operating the nozzles of the head. 



4. An ink jet printer as claimed in claim 3, further comprising a plurality of 
distribution boards, each for supplying information from a central processing unit to 
a group of head control boards. 

5. An ink jet printer as claimed in any one of the preceding claims, wherein 
the ink jet heads are arranged in a plurality of pairs of rows and each head has a heat 
sink attached thereto, the heat sinks of the two rows of heads of each pair of rows 



being arranged back to back and in contact with a common heat conductor. 

6. An Inkjet printer as claimed in claim 5, wherein the printer is programmed 
to read the information in the reversed heads backwards. 

*'"-"-"> • - ' • 

7. An ink jet printer as claimed in any one of the preceding claims, further 
comprising means for moving the ink jet heads away from the said path in a direction 
perpendicular or substantially perpendicular thereto. 

8. An ink jet printer as claimed in claim 7, further comprising means for 
detecting a tear in the substrate and for operating the moving means when a tear is 
detected. 

9. An ink jet printer as claimed in claim 7 or claim 8, further comprising 
means for sensing the thickness of the substrate and for operating the moving means 
to adjust the position of the ink jet heads according to the thickness of the substrate. 

10. An ink jet printer as claimed in any one of the preceding claims, wherein 
the said path of movement of the substrate is horizontal or substantially horizontal and 
the ink jet heads are arranged above the said path. 



11. 

claims. 



A multi-colour ink Jet printer as claimed in any one of the preceding 



12. An ink jet printer substantially as hereinbefore described with reference to 
the accompanying drawings. 

13. An ink jet printer as claimed in any one of the preceding claims in 
combination with a corrugating nrachine, means being provided for synchronising the 
speed at which corrugated cardboard is fed pr drawn through the ink jet printer with 
the speed at which the corrugating machine operates. 

14. An ink jet printer as claimed in any one of the preceding claims in 
combination with a die cutting machine, means being provided for synchronising the 
speed at which a substrate is fed or drawn through the ink jet printer with the speed 
at which the die cutting machine operates. 




Office 

10. 



Application No: 
Claims searched: 



GB 9905249.0 
1-14 



Examiner: 
Date of search: 




INVESTOR IN PEOPLE 



Gary Williams 
15 October 1999 



Patents Act 1977 

Search Report under Section 17 



Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK CI (Ed.Q): B6F: FAN 
Int CI (Ed.6): B41J: 2/01 
Other: Online:EPODOC,PAJ,WPI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


A 
A 


DE 01^43804 A (POLITRUST) 08.04.99 (See Figs.3&7. abstract, and 
also WPI Abstract Accession No. 99-245130). 

? U ^°fi 2 A ^ PH ° TO) 19 01 " < See P^.l&5, abstract, and 
also WPI Abstract Accession No. 99-147312/13} 


1 
1 



* E SS^^^^^ ^^^^^^ 



An Executive Agency of the Department of Trade and Industry 



: < 



(19) 



J 



imn 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
04.06.1997 Bulletin 1997/23 



EuropaJsches Patentamt 
European Patent Office 
Off tee eurppeen des brevets (11) EP 0 615 845 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI. 6 : B41J 2/155, B41J 2/14 



(21 ) Application' number: 94301989.3 

(22) Date of filing: 21 .03.1 994 



(54) Methods off fabricating a page wide piezoelectric Ink Jet prlnthead assembly 

HersteHungsverfahren eines'seitenbrertigen piezo-elektrischen Farbstrahldruckkopfes 

Methode pour la fabrication d une t§te d'impression par jet d'encre piezoelectrique ayant la largeur 
d une page 



00 
GO 

m 



(84) Designated Contracting States: 

AT BE CH DE DK ESFRGB IE IT LI NL SE 

(30) Priority: 19.03.1993 US 34743 

(43) Date of publication of application: 
21.09.1994 Bulletin 1994/38 

(73) Proprietor: Compaq Computer Corporation 
Houston Texas 77070 (US) 

(72) Inventors: 

• Walker, Kelsey R 
Hockley, Texas 77447 (US) 



• Granzow, Daniel B. . 
Spring, Texas 77379 (US) 

• Scarf, Carol C. 

Houston, Texas 77070-1136 (US) 

(74) Representative: Brunner, Michael John et al 
GILL JENNINGS & EVERY 
Broadgate House 
7 Eidon Street 
London EC2M7LH(GB) 



(56) References cited: 
EP-A- 0 519 403 
US-A- 4 536 097 



EP-A- 0 522 814 



CO 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement, ft shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
Qj 99(1) European Patent Convention). 



Printed by Rank Xerox (UK) Business Serviced 
2.14.6/14 



> 



1 EP 0 615 

Description 

The present invention relates generally to ink jet 
printing apparatus, and more particularly relates to the 
fabrication of piezoelectrically operable ink jet printhead - s 
assemblies. 

A piezoelectrically actuated ink jet printhead is a 
device used to selectively eject tiny ink droplets onto a 
print medium sheet operatively fed through a printer, in 
which the printhead is incorporated, to thereby form w 
from the ejected ink droplets selected text and/or graph- 
ics on the sheet. In one representative configuration 
thereof, an ink jet printhead has a horizontally spaced 
parallel array of internal ink-receiving channels. These 
internal channels are covered at their front ends by a is 
plate member through which a spaced series r pf : small 
ink discharge orifices are formed. Each channel opens 
outwardly through a different one of the spaced orifices. 

A spaced series of internal piezoelectric wall por- 
tions of the printhead body separate and laterally bound so 
the channels along their lengths. To eject an ink droplet 
through a selected one of the discharge orif ices, the two 
printhead sidewali portions that laterally bound the 
channel associated with the selected orifice are piezoe- 
lectrically deflected into the channel and then returned 25 
to their normal und effected positions. The driven inward 
deflection of the opposite channel wall portions 
increases the pressure of the ink within the channel suf- 
ficiently to force a small quantity of ink, in droplet form, 
outwardly through the discharge orifice. 30 

Under previous methods of constructing piezoelec- 
tric ink jet printheads the printhead body section in 
which the channels are to be formed is first poled, to 
make it piezoelectrically deflectable or "active", by 
imposing a predetermined voltage widthwise across the 35 
body section in a selected poling direction parallel to the 
desired piezoelectric deflection direction of the internal 
sidewali sections to be later created in the poled body 
section by forming a spaced series of parallel grooves 
therein. These grooves may be formed using a sawing, 40 
laser cutting or etching process. 

A typical material used in the formation of piezoe- 
lectric ink jet printhead bodies is a piezoceramic mate- 
rial- commonly referred to as "PZT." The proper poling 
of PZT requires voltages on the order of 1.18- 10 3 to 4s 
2.9 - 10 3 volts per mm (30 to 75 volts per mil). Accord- 
ingly, the widthwise poling of a 25.4mm (one inch) wide 
printhead body section formed from PZT requires a pol- 
ing voltage within the range of from about 30,000 volts 
to about 75,000 volts. 50 

This poling voltage requirement has resulted in firm' 
iting the manufacturable width of a PZT ink jet printhead 
body, in a direction perpencficular to the ink discharge 
direction of the printhead. to about one inch since an 
appreciably wider PZT body section requires unaccept- 55 
ably higher poling voltages. For example, a ten inch 
wide PZT body section would require a poling voltage 
somewhere in the range of from about 300,000 volts to 
about 750.000 volts. Even rf this much wider PZT body 
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section could be property poled at this extremely high 
voltage, the interior sidewali actuator sections ultimately 
formed from the poled section would normally exhibit 
the undesirable tendency to crack when piezoelectri- 
cally deflected during operation of the. finished print- 
head. 

This PZT printhead body width limitation has 
resulted in the inability to manufacture piezoelectric ink 
jet printheads in full page widths - i.e.. in the 21.6 to 
27.9cm (8.5"-11") width range. This necessitates the 
shuttling back and forth of a small width piezoelectric 
printhead across a print medium sheet interiorly travers- 
ing the ink jet printer, as opposed to the desirable alter- 
native of forming the printhead in a page wide width 
which would permit the printhead to remain stationary 
during the ink jet printing process. 

ft would thus be desirable to provide methods for 
fabricating a piezoelectric ink jet printhead in a page 
wide printing length. It is accordingly an object of the 
present invention to provide such methods. 

EP-A-0522814 discloses a method of forming a 
printhead from a plurality of PZT members by forming 
grooves therein. 

In carrying out principles of the present invention, in 
accordance with a preferred embodiment thereof, a 
page wide piezoelectric ink jet printhead assembly is 
fabricated by a method of fabricating a page wide piezo- 
electric ink jet printhead, said method comprising the 
steps of: 

providing a first series of piezoelectric body sec- 
tions each having opposite skies and a width 
extending therebetween; 

providing a second series of piezoelectric body sec- 
tions each having opposite sides and a width 
extending therebetween, 

the widths of said body sections in said first and 
second series thereof being substantially identical 
to one another; 

poling said body sections in said first and second 
series thereof in widthwise directions; 
intersecuring the poled first series of body sections 
in a side-topside abutting relationship; 
intersecuring the poled second series of body sec- 
tions in a side-to-side abutting relationship; 
attaching said first and second series of poled body 
. sections to one another in a manner forming there- 
from a first printhead body portion having parallel, 
essentially planar opposite first and second side 
surfaces between which aligned, generally planar 
side juncture areas of said first and second series 
of poled body sections transversely extend, and in 
which the polling directions of said first series of 
poled body sections are identically oriented, and 
the polling directions of said second series of poled 
body sections are identically oriented and extend 
oppositely to those of said first series of poled body 
sections; 

providing a second printhead body portion having a 
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generally planar first side surface; 
securing said first side surface of said first print- 
head body portion to said first side surface of said 
second printhead body portion; 
forming a series of equally spaced, parallel grooves 
through said first printhead body portion, after its 
securemertt to said second printhead body portion, 
each of said grooves extending from said second 
side surface of said first printhead body portion to at 
least said first side surface thereof, with a first 
number of said grooves extending through and 
removing all of said side juncture areas of said first 
printhead body portion, and a second number of 
said grooves being interdig'rtated~ with said first 
number of said grooves, said grooves having open 
front and rear ends and open 6ide;portions extend- 
ing between said open front and rear ends; 
providing a third printhead body portion having a 
generally planar first side surface; 
securing said first side surface of said third print- 
head body portion to said second side surface of 
said first printhead body portion in a manner such 
that said third printhead body portion extends 
across and covers said open side portions of said 
grooves; 

securing a plate member to said first, second and 
third printhead body portions over said open front 
ends of said grooves, said plate member having a 
spaced series of ink discharge orifices formed 
therein and communicating with said open front 
©ids of said grooves; 

and sealing off said open rear ends of said grooves. 
The widths of the body sections are essentially 
identical, and are preferably not substantially 
greater than about 2.54cm (one inch). 

A first number of the grooves extend through and 
remove all of the side juncture areas in the body section 
layers, and a second number of the grooves are inter- 
digitated with the first number of grooves. 

The grooves separate intersecured segments of the 
body sections which, in the finished printhead body, will 
define the piezoelectrically deflectable sidewall actuator 
sections that laterally bound the ink receiving channels 
along their lengths, have open front and rear ends and 
open side portions extending between their front and 
rear ends at the outer side surface of the two layer array 
of body sections. The grooves are preferably formed 
using a spaced series of saw cuts having a cut-to-cut 
pitch related in a predetermined manner to the original 
body section widths such that each of these widths is an 
even multiple of the saw cut pitch. 

After the channel-defining grooves are formed, 
another nonpoled printhead body portion is secured to 
the outer side surface of the two layer bod/ section 
array to close off the open sides of the groove, and a 
plate member is secured to the front side of the print- 
head body over the open front ends of the grooves. The 
plate member has a spaced series of ink discharge ori- 



fices formed therein and communicating with the front 
, ends of the grooves. The open rear ends of the grooves 
are suitably sealed off. and electrical drive means are 
operatively connected to the actuator sidewall portions 

5 of the printhead body. 

Due to the separate poling of only relatively small 
segments of the printhead body before it is assembled, 
and the placement of the saw-cut grooves, the print- 
head may be easily given a page width length without 

10 the problems typically associated with attempting to 
pole a unitary piezoelectric body portion of this overall 
length. 
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FIG. 1 is a simplified, somewhat schematic per- 
spective view of a page wide piezoelectric ink jet 
printhead assembly embodying principles of the 
present invention; 

FIG. 2 is an enlarged scale right end elevational 
view of the printhead assembly; 
FIG. 3 is an enlarged scale top plan view of a right 
end portion of the printhead assembly; 
FIG. 4 is an enlarged scale, highly schematic partial 
cross-sectional view through the printhead assem- 
bly taken along line 4-4 of FIG. 1 ; and 
FIGS. 4A and 4B are enlarged scale, highly sche- 
matic cross-sectional views through the printhead 
assembly and sequentially illustrate, together with 
FIG. 4, a unique instruction method of the present 
invention used to fabricate the printhead assembly. 



Referring initially to FIGS. 1 -4, the present invention 
provides a uniquely constructed page wide piezoelectric 
ink jet printhead assembly 10 having an elongated rec- 
tangular body portion 12. An elongated rectangular dis- 
35 charge orifice plate 14 is secured to and covers a front 
side surface of the body 12 and has a spaced series of 
small ink jet orifices 16 extending rearwardly there- 
through into the interior of the printhead body 1 0 as later 
described. 

40 From top to bottom as viewed in FIGS. 2 and 4, the 
printhead body 12 comprises intersecured elongated 
rectangular sections 18, 20, 22 and 24. As may best be 
seen in FIGS. 2 and 3. body sections 18, 20 and 22 are 
horizontally aligned with one another, and the bottom 

45 body section 24 extends rearwardly beyond the other 
body sections and has an exposed top side surface 
area 24. Body sections 18 and 24 are formed from a 
nonpoled piezoceramic material, preferably a PZT 
material, and body sections 20 and 22 are formed, as 

so later described, from a poled piezoceramic material, 
preferably a PZT material. 

Extending along the exposed top side surface 26 of 
the printhead body section 24 is a spaced series of par- 
allel, electrically conductive surface traces 28. Each of 

55 the traces 28 longitudinally extends in a front-to-rear 
direction along the top side surface 26. with the front 
ends of the traces 28 being conductive! y connected to 
segments of the printhead body section 22 (see FIG. 4). 
The rear ends of the surface traces 28 are operatively 
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connected to a suitable electronic driver 30 mounted 
atop the body surface 26 rearwardly of the body sec- 
tions 18. 20 and 22. The driver 30 is used to transmit 
electrical actuating signals to segments of the body sec- 
tion 22 to piezoelectrically cause ink, in droplet form, to 
be forwardly discharged from the orifices 16 as subse- 
quently described herein. 

Referring now to FIG. 4, a horizontally spaced 
series of elongated, parallel ink receiving channels 32 
are formed within the prirtthead body 12, with each of 
the channels 32 longitudinally extending rearwardly 
from the orifice plate 14 and having a front end commu- 
nicating with one of the ink discharge orifices 16. The 
channels 32 are horizontally interdigrtated with a 
spaced series of internal sidewall actuator sections 34, 
with each channel being laterally bounded along its 
length by a horizontally opposing pair of sidewall actua- 
tor sections 34. 

The rear ends of the channels 34 communicate with 
an ink receiving manifold 35 (see FIG. 2) formed within 
the upper printhead body section. This internal mani- 
fold, in turn, is communicated with a suitable ink supply 
vessel 36 (see FIG. 1) via an ink delivery tube 38. 

When it is desired to discharge ink, in droplet form, 
from one of the channels 32 through its associated dis- 
charge orifice 16 electrical driving voltage signals from 
the driver 30 are transmitted, via the appropriate pair of 
surface traces 28, to the opposed pair of sidewall actu- 
ator sections 34 that bound the channel. The receipt of 
these voltage signals causes the two sidewall actuator 
sections, to piezoelectrically deflect into the channel, 
thereby constricting the channel and causing ink therein 
to be forced outwardly through its associated discharge 
orifice 16. 

As mentioned previously, the printhead assembly 
10 is a "page wide" assembly, meaning that it is sized to 
longitudinally extend along essentially the entire width 
of a print medium sheet passing through the printer and 
remain stationary during the printing process, as 
opposed to having a width much less than the paper 
width and being shuttled back and forth across the 
sheet as it traverses the printer. Representatively, the 
length of the illustrated printhead assembly 10 is about 
21 .6cm (8.51. However, its length could be made longer 
or shorter if desired. 

Heretofore the fabrication of piezoelectric printhead 
assemblies in page wide lengths has been difficult if not 
impossible due to the poling width limitations inherent in 
piezoelectric sections used to build the printhead body. 
As a practical matter, the voltage required to properly 
pole a piezoelectric body section becomes unaccepted 
Wy high as the width of the section, in the poling direc- 
tion, is increased much beyond an inch or so. 
Additionally, attempts to pole a piezoelectric body sec- 
tion having a width greater than about one inch' can 
result in cracking of segments of the poled section when 
they are later piezoelectrically deflected. 

These problems are overcome, in a manner provid- 
ing the piezoelectric printhead assembly 10 with its 
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advantageous page width length depicted in FIG. 1, 
using a unique printhead body fabrication technique 
which will now be described in conjunction with FIGS. 4- 
4B. 

s According to principles of the present invention, to 

form the printhead body sections 20 and 22 two series 
of separate, rectangularly configured piezoceramic 
blocks 20a and 22a (see FIG. 4A) are provided. Each of 
the blocks 20a,22a has a front-to-rear length identical to 

io the printhead body sections 20 and 22, and a horizontal 
width W (as viewed in FIG. 4A) of not more than about 
one inch. The separate piezoceramic blocks 20a are 
then suitably poled in directions X 1 parallel to their 
widths, and the separate piezoceramic blocks 22a are 

is suitably poled in directions X 2 parallel to their widths. 

"The poled blocks 20a.22a are then secured to one 
another, and to the top side of the unpoled piezoceramic 
printhead body section or substrate 24. in the arrange- 
ment illustrated in FIG. 4, using a suitable electrically 

20 conductive epoxy material. In such arrangement the 
blocks 22a extend across the top side of the body sec- 
tion 24 in a side-to-side orientation with their poling 
directions X 2 being identical to one another, and the 
blocks 20a extend across the top sides of the blocks 22a 

25 with their poling directions extending oppositely to 
those of the blocks 22a. Furthermore, the side-to-side 
joint lines of the block series 20a.22a are horizontally 
aligned with one another in a manner such that in the 
intersecured array of blocks 20a.22a a series of vertical 

30 joint lines 40, horizontally spaced apart along the left-to- 
right length of the partially assembled printhead body, 
are formed. 

Next, as schematically depicted in FIG. 4B, a hori- 
zontally spaced series of vertical saw cuts 32a (that ufti- 

35 mately define in the finished printhead body the interior 
ink receiving channels 32 shown in FIG. 4) are made 
downwardly through the vertically intermediate print- 
head body portion defined by the intersecured series of 
blocks 20a and 22a, and a relatively short distance into 

40 the top side of the bottom printhead body section 24. 

As shown in FIG 4B, the resulting grooves formed 
by the saw cuts 32a also horizontally separate the inter- 
secured series of blocks 20a and 22a into horizontally 
shorter segments 20b and 22b that are vertically 

45 stacked in pairs, each such stacked pair of segments 
20b,22b defining one of the internal sidewall actuator 
sections 34 as indicated in FIG. 4. 

In accordance with an important aspect of the 
present invention, the pitch P of the saw cuts 32a (i.e., 

so the identical horizontal spacing between each adjacent 
pair of saw cuts) is selected in a manner such that the 
block width W is a predetermined even multiple of the 
pitch P, and the series of saw cuts 32a is horizontally ori- 
ented in a manner such that a saw cut 32a extends ver- 

55 tically through each of the block joints 40 as illustrated in 
FIG. 4B. In this manner, none of the sidewall actuator 
sections 34 (see FIG. 4) has a vertical joint therein 
which could potentially weaken the sidewall section in 
its lateral deflection mode or electrically after its opera- 
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tion. 

After the saw cuts 32a are formed, the upper print- 
head body section 1 8 is adhesively bonded to the upper 
sides of the block segments 20b (see FIG. 4). thereby 
closing off the top sides of the channels 32, the orifice 
plate 14 (see FIG. 1) is operatively installed, and the 
open rear ends of the channels 32 are appropriately 
sealed off. 

Claims ; • 



said grooves being interdigitated with said first 
number of said grooves, said grooves having 
open front and rear ends and open side por- 
tions extending between said open front and 
5 rear ends; 

. , providing a third printhead body portion (18) 
having a generally planar first side surface; 
securing said first side surface of said third 
printhead body portion to said second side sur- 
10 face of said first printhead body portion in a 

manner such that said third printhead body 
portion extends across and covers said open 
side portions of said grooves; 
securing a plate member (14) to said first, sec- 
ond and third printhead body portions over said 
open front ends of said grooves, said plate 
member having a spaced series of ink dis- 
charge orifices formed therein and communi- 
cating with said open front ends of said 
grooves; 

and sealing off said open rear ends of said 
grooves. 

The method of Claim 1 wherein: 

said forming step is earned out by forming a 
spaced series of parallel saw cuts in said first print- 
head body portion. 

The method of Claim 2 wherein: 

said series of saw cuts have a cut-to-cut 
pitch, and said method further comprises the step 
of relating the widths of said body sections in said 
first and second series thereof in a manner such 
that said widths are equal multiples of said saw cut 
pitch. 

The method of Claim 1 wherein: 

said forming step is carried out in a manner 
extending said grooves (32a) at least a short dis- 
tance into said second printhead body section (24). 

The method of Claim 1 wherein: 

said body sections in said first (20) and sec- 
ond (22) series thereof are formed from a piezocer- 
amic material, and said intersecuring and attaching 
steps are performed using an electrically conduc- 
tive adhesive material. 

The method of Claim 1 wherein: 

the widths of said body sections in said first 
(20) and second (22) series thereof are not sub- 
stantially greater than about 25.4mm (one inch). 



Veriahren zum HersteJIen eines seHenbretten pie- 
zoelektrischen Ttntenstrahldruckkopfes (16), wobei 
das Verfahren die folgenden Schritte umfaBt: 



1. A method of fabricating a page wide piezoelectric. 

ink jet printhead (16), said method comprising the;. 

steps of: . 

.^sg\ is 
providing a first series (20) of piezoelectric^' 
body sections each having opposite sides and - 
a width extending therebetween; y 
providing a second series (22) of piezoelectric 
body sections each having opposite sides and 20 
a width extending therebetween, 
the widths of said body sections in said first and 
second series thereof being substantially iden- 
tical to one another; 2. 
poling said body sections in said first and sec- 2s 
ond series thereof in wkfthwise directions; 
intersecuring the poled first series of body sec- 
tions in a side-to-side abutting relationship; 
intersecuring the poled second series of body . 3. 
sections in a side-to-side abutting relationship; 30 
attaching said first and second series of poled 
body sections to one another in a manner form- 
ing therefrom a first printhead body portion 
having parallel, essentially planar opposite first 
and second side surfaces between which 35 
aligned, generally planar side juncture areas of 
said first and second series of poled body sec- 4. 
forts transversely extend, and in which the poll- 
ing directions of said first series of poled body 
sections are identically oriented, and the poll- 40 
ing directions of said second series of poled 
body sections are identically oriented and 5. 
extend oppositely to those of said first series of 
poled body sections; 

providing a second printhead body portion (24) 45 
having a generally planar first side surface; 
securing said first side surface of said first 
printhead body portion to said first side surface 
of said second printhead body portion; 6. 
forming a series of equally spaced, parallel t so 
grooves (32a) through said first printhead body 
portion, after its securement to said second 
printhead body portion, each of said grooves 
extending from said second side surface of Ps 
said first printhead body portion to at least said 55 
first side surface thereof, with a first number of 1 . 
said grooves extending through and removing 
all of said side juncture areas of said first print- 
head body portion, and a second number of 
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Schaffung einer erst en Reihe (20) piezoeJektri- 
scher KOrperabschnitte mh jeweils gegenuber- 
fiegenden Seiten und einer zwischen ihnen 
verlaufenden Brerte; 

Schaffung einer zweiten Reihe (22) piezoelek- s 
trischer KOrperabschnitte rrirl jeweils gegen- 
Oberliegenden Seiten und einer zwischen 
ihnen verlaufenden Breite; 
wobei die Breite der KOrperabschnitte in der 
ersten und der zweiten Reihe im wesentlichen w 
identischist; • 
Polung der KOrperabschnitte in der ersten und 
zweiten Reihe in Breitenrichtung; v -4? 
Befestigung der gepolten ersten Reihe seWich ^ 
aneinanderliegender K6rperabschnitte miteiri- is - 
ander; r^?-? «&s^r. 

Befestigung der gepotten zweiten Reihe sett- *^ 2. 
fich aneinanderliegender KOrperabschnitte mit- 
einander; 

ZusammenfOgen der ersten und der zweiten 20 
Reihe gepotter KOrperabschnitte derart, da8 
daraus ein erster Teil des DmckkopfkOrpers mit 3. 
parallelen, weitgehend planaren, gegenuber- 
liegenden ersten und zweiten Seitenfiachen 
entsteht zwischen denen gefluchtete, allge- 25 
mein planare Fugen der ersten und der zweiten 
Reihe gepolter KOrperabschnitte quer vertau- 
fen, und in dem die Poirichtungen der ersten 
Reihe gepotter KOrperabschnitte identisch sind 
sowie die Poirichtungen der zweiten Reihe 30 
gepolter KOrperabschnitte identisch und zu 
denen der ersten Reihe gepolter KOrperab- 
schnitte entgegengesetzt sind; 
Schaffung eines zweiten Teils des Druckkopf- 
kOrpers (24) mit einer allgemein planaren 35 
ersten Seitenfiache; 

Befestigung der ersten Seitenfiache des ersten 
Teils des DruckkopfkOrpers an der ersten Sei- 
tenfiache des zweiten Teils des DruckkopfkOr- 
pers; 4Q 
Ausbildung einer Reihe gleichmaBig beabstan- 
deter. paralleler Nuten (32a) durch den ersten 
Teil des DruckkopfkOrpers nach dessen 
Anbringung an dem zweiten Teil des Druck- 
kopfkOrpers, wobei sich die Nuten von der 4s 
zweiten Seitenfiache des ersten Teils des 
DruckkopfkOrper mindestens bis zu dessen 
erster Seitenfiache erstrecken, wobei eine 
erste Anzahl der Nuten durch alle Fugen des 
ersten Teils des DruckkopfkOrpers veriauft und. so 
selbige entferrrt, und eine zweite Anzahi detf - 
Nuten zu der ersten Anzahl von Nuten parallel- 
geschaltet ist wobei die Nuten ein offenes Vor- 
der- und Hinterende sowie eine offene Seite 
zwischen dem offenen Vorder- und Hinterende 55 
haben; 

Schaffung eines dritten Teils des DruckkopfkOr- 
pers (18) mit einer allgemein planaren ersten 
Seitenfiache; 



Befestigung der ersten Seitenfiache des dritten 
Teils des DruckkopfkOrpers an der zweiten Sei- 
tenfiache des ersten Teils des DruckkopfkOr- 
pers derart, daB der dritte Teil des 
DruckkopfkOrpers quer uber die offene Seiten 
der Nuten veriauft und selbige abdeckt; 
Befestigung eines PlatteneJements (14) an 
dem ersten, zweiten und dritten Teil des Druck- 
kopfkOrpers Qber den offenen Vorderenden der 
Nuten, wobei das Platteneiement eine beab- 
standete Reihe von TlntenausgabeOffnungen 
aufweist. die mit den offenen Vorderenden der 
Nuten verbunden ist; 

und VerschlieBen der offenen Hinterenden der 
Nutea 

Verfahren nach Anspruch 1. wobei: 

der Schritt des AusbikJens durch das Bilden 
einer beabstandeten Reihe paralleler Sageschnitte 
in den ersten DmckkopfkOrperabschnitt erfblgt 

Verfahren nach Anspruch 2, wobei: 

die Reihe der Sageschnitte einen Abstand 
zwischen den einzelnen Bnschnrtten aufweist und 
das Verfahren weiterhin den Schritt umfaBt, in dem 
die Breite der KOrperabschnitte in der ersten und 
der zweiten Reihe derart zu ihm ins Verhaitnis 
gesetzt werden, daB die Breiten ein gleiches Vielfa- 
ches des Abstandes zwischen den Sageschnitten 
darstellen. 

4. Verfahren nach Anspruch 1. wobei: 
der Schritt des Ausbildens so erfblgt, daB die 

Nuten (32a) zumindest ein kurzes Stock in den 
zweiten DnjckkopfkOrperabschnitt (24) hineinrei- 
chen. 

5. Verfahren nach Anspruch 1, wobei: 
die KOrperabschnitte in der ersten (20) und 

der zweiten (22) Reihe aus einem piezokerami- 
schen Werkstoff hergestelit werden und die Schritte 
des Anbringens und Befestigens aneinander mit 
Httfe eines elektrisch leitenden KJebstoffs erfolgen. 

6. Verfahren nach Anspruch 1, wobei: 
die Breite der KOrperabschnitte in der ersten 

(20) und der zweiten (22) Reihe nicht wesentlich 
grOBer als etwa 25,4 mm/(ein Inch) ist 

Revendlcations 

1. Proc6de pour fabriquer une t§te dlmpression a jet 
cf encre (16), possedant la largeur d f une page, ledit 
proc6de comprenant les etapes consistant a : 

pr6voir une premiere se>ie (20) de sections pie- 
zo6lectriques d'un corps poss6dant chacune 
des cotes opposes et une largeur entre ces 
cotes. 
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prevoir une seconde serie (22) de sections pie- 
zoelectriques du corps possedant chacun des 
c6tes opposes et une largeur entre ces cfites, 
les largeurs desdites sections desdites pre- 
miere et seconde series de sections du corps s 
etant essentiellement iderrtiques; 
potariser lesdrtes sections desdites premiere et 
seconde series de sections du corps dans le 
sens de la largeur; 

fixer entre eites la premiere serie polarisee de 10 
sections du corps dans une relation 
d'aboutement c6te-a-c6te; v ^ 

fixer entre elles la seconde serie polarisee de 
sections du corps dans une 'delation"" • 
d'aboutement cdte-a-cdte, - — ■ is 

attacher lesdrtes premiere et seconde- series^ 
de sections polarisees du corps Tune a l'autre s 
de maniere a former, a partir de la, une pre- 
miere parte de corps de la tete dlmpression 
possedant des premiere et seconde surfaces 20 
lateral es opposees parallel es et essentielle- 
ment planes, entre lesquelles s'etendent trans- 
versal em ent des zones laterales de jonction 
alignees et ayant une configuration generate 
plane, desdites premiere et seconde series de 2s 
sections polarisees du corps, et les directions 
de polarisation de ladrte premiere serie de sec- 
tions polarisees de corps etant orientees de la 
meme maniere, et les directions de polarisation 
de ladrte seconde serie de sections polarisees 30 
du corps etant orientees de la meme maniere 
et s'etendant dans un sens oppose a celui de 
ladite premiere serie de sections polarisees du 
corps; 

prevoir une seconde parte (24) du corps de la ss 
tete dlmpression, possedant une premiere sur- 
face laterale ayant une configuration generate 
plane; 

fixer ladite premiere surface laterale de ladite 
premiere parte de corps de la tdte d'impres- <o 
sion a ladite premiere surface laterale de ladite 
seconde parte du corps de la t§te d'tmpres- 
sion; 

former une serie de rainures paralleled egaie- 
merrt espacees (32a) dans ladite premiere par- as 
tie du corps de la tete dlmpression apres sa 
fixation a ladite seconde parte du corps de la 
tete dlmpression, chacun e desdites rainures 
s'etendant a partir de lacfite seconde surface 
laterale de ladite premiere parte du corps de la so 
tete dlmpression au moins jusqu'a ladite pre- 
miere surface laterale de cette parte, un pre- 
mier nombre desdites rainures s'etendant a 
travers et supprimarrt la totalite desdites zones 
de jonction laterale de ladite premiere riartie du 55 
corps de la tete dlmpression, et un second 
nombre desdites rainures etant interdigite avec 
I edit premier nombre desdites rainures, lesdi- 
tes rainures comportant des extremites avarrt 



et arriere ouvertes et des partes laterales 
ouvertes s'etendant entre lesdrtes extremites 
avarrt et arriere ouvertes; 
prevoir une troisieme parte (18) du corps de la 
tete dlmpression possedant une premiere sur- 
face laterale ayant une configuration generate 
plane; fixer lacfite premiere surface laterale de 
ladite troisieme parte du corps de la tete 
dlmpression a ladite seconde surface laterale 
de ladite premiere parte du corps de la tete 
dlmpression de telle maniere que ladite troi- 
sieme parte du corps de la tete dlmpression 
s'etend en travers desdites parties laterales 
ouvertes desdites rainures et les recouvre; 
fixer un element en forme de plaque (1 4) auxdi- 
tes premiere, seconde et troisieme partes du 
corps de la tete dlmpression au-dessus desdi- 
tes extremites avarrt ouvertes desdites rainu- 
res, ledrt element en forme de plaque 
comportant une serie d'orifices espaces de 
decharge de l encre, qui sort formes dans cet 
element et communiquerrt avec lesdrtes extre- 
mites avarrt ouvertes desdites rainures; et 
fermer de fagon etanche lesdrtes extremites 
arriere ouvertes desdites rainures. 

2. Precede selon la revendication 1 , selon lequel : 

ladrte etape de formation est executee par 
formation d'une serie de decoupes paralleles, reali- 
sees a la scie, dans ladite premiere parte du corps 
de la tete dlmpression. 

3. Precede selon la revendication 2, selon lequel ; 

ladrte serie de decoupes, realisees a la scie, 
possede un pas entre decoupes, et ledrt procede 
comprend en outre Tetape consistent & associer les 
largeurs desdites sections du corps dans lesdrtes 
premiere et seconde series de sections de telle 
sorte que lesdrtes largeurs sort des multiples 
egaux dud it pas des decoupes realisees a la scie. 

4. Procede selon la revendication 1 . selon lequel : 

ladite etape de formation est executee d'une 
maniere qui prolonge lesdrtes rainures (32a) au 
moins sur une courte distance dans ladite seconde 
section (24) du corps de la tete dlmpression. 

5. Procede selon la revendication 1 , selon lequel : 

lesdrtes sections du corps dans ladite pre- 
miere serie (20) et ladite seconde serie (22) de sec- 
tions du corps sort formees d'un materiau 
piezoceramique, et que lesdites etapes de fixation 
reciproque et de rattachement sont executees en 
utilisant un materiau adhesrf electriquement con- 
ducteur. 

6. Procede selon la revendication 1 , selon lequel : 

les largeurs desdites sections du corps dans 
ladrte premiere serie (20) et ladite seconde serie 
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(22) de sections du corps ne sort pas nettement 
superieures & environ 25.4 mm (un pouce). • 
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